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ABS TRACT 
This report documents the work performed by Teledyne Brown 
Engineering in the organization, classification, and manipulation of 
infrared scene data for the U.S. Army Missile Command (MICOM) Advanced 


Sensors Directorate. 


Software was developed for a PDP 11 computer with an on-line 
GRINNELL television imaging system to aid in classifying infrared scenes 


and extracting targets from such scenes, 


mated by the development of a data base and data base manager. 


The manipulation of the data included the calculation of power 
spectral densities and autocorrelation functions, the cross-correlation 


of targets with selected classes of background scenes, the application 


of a whitening filter based on the power spectral density of the back- 
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ground class, and the cross-correlation of two sensor FOV (field of view) 
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models with the target scenes and background scenes. | 
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} The storage and retrieval of the scene classifications was auto- 
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1. INTRODUCTION 


This final report constitutes the completion of work on Contract 
No. DAAK40-79-C-0068 by Teledyne Brown Engineering (TBE) for the U.S. 
Army Missile Command (MICOM) Advanced Sensors Directorate. 


This contractual effort has involved the organization and classi- 
fication of infrared scene data and the development of a CRT display 
capability for scene data. This display capability should greatly facili-~ 
tate working with the scene data in the future. A number of manipulations 
were performed on this scene data to investigate its characteristics and 
augment infrared modeling. These include, in addition to the development 
of power spectral densities and autocorrelation functions, the extraction of 
targets from infrared scenes, the cross-correlation of targets with back- 
ground ensembles from selected classifications, and the application of a 
whitening filter based on the power spectral density. Other manipulations 


include the generation of model scenes and model target masks. 


These technical efforts are summarized in Section 2 and described 
in detail in Section 3, which is complete with tables and computer output. 
Section 2 also contains recommendations for future efforts. An analysis 
of the potential impact of various errors which might be in the data is 


given in a separately published appendix. 
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2. SUMMARY AND RECOMMENDATIONS 


Infrared scene data requires a large amount of storage space 
within a computer system. This combined with the quantity of data frames 
available for this effort created an information storage and retrieval 
problem. The approach taken was to develop computer software that would 
be a compromise between retrieval time and storage space. In the 
data base developed for this effort, the actual infrared scenes 
were stored on magnetic tape in a compact, easy-to-unpack format. This 
solved the problem of storage space and represents a good compromise 
between scene retrieval time and storage space. The scene descriptions 
and magnetic tape location information that requires smaller storage 
space were maintained on disk files with fast retrieval times. The 
success of the current data base and manager suggests that it be used 
as a model to develop a standard data base of all infrared scenes 


available to the Advanced Sensors Directorate. 


A standard tape format should be established to allow storage 
of variable size scenes. A utility subroutine could then be written to 


unpack the standard tape for users. 


The data base should reside in parallel on the CDC 6600 and 
PDP 11 computer systems to have all computer resources available for 


analysis. 


The individual frame descriptions in the current data base should 


be reviewed for completeness. 


All data taken by advanced sensors should be classified and entered 
into the data base on the PDP 11 computer. This would require only a 
scene editor to be incorporated into program HAPAN2. All data tapes from 
other sources should be repacked into the standard tape format and entered 
into the data base on the CDC 6600 computer system. This system has more 


flexibility in tape drives and formatting possibilities. 


Compatibility between the PDP and CDC computers has to be solved. 
Methods must be developed that allow updates to the data base made on 


one computer to be transferred to the other. 


Procedures should be developed to record problems that users 


discover in the data or data base. 
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3. PROCESSING AND HANDLING OF INFRARED 
SCENE DATA 


3.1 PRELIMINARY CONSIDERATIONS 

The cross-correlation studies involve the cross-correlaticon of 
target scenes with specific classes of background scenes. This study 
required several tasks. The first was to locate target body boundaries 


and extract the target from its background. 


The next problem was to classify individual frames of data and 
organize them into background classes. The next task was to develop 


the ability to recall these frames by classification. 


The large volume of available data required the automation of 
classifying and recalling data frames. This was accomplished bv using 
a GRINNELL Systems graphic television imaging system to aid in classifving 
the individual frames. The classification information was input to the 
CDC 6600 computer and recorded in a data base. A data base manager 
was developed to handle the data base and allowed recalling data 


frames by classification. 


3.2 DATA 


The data available for analysis was originally organized in a 
user tape library on the CDC 6600 computer system. This tape library 
and the data within it is explained in TBE Report No. SD78-MIRADCOM-2257.%* 
A quick review from this report of the data and the organization of the 


tape library is given below. . 


Digital data tapes containing thermal infrared scenes were 


furnished by U.S. Army MICOM's Advanced Sensors Directorate. 


The data in each scene are stored sequentially by scan lines. 


Each element (pixel) of the scene is referenced by scan line and line 


* J. B. Rainey, "Infrared Background Clutter Analyses and Model Development,” 


Teledyne Brown Engineering Final Report No. SD/78-MIRADCOM~2257, September 
1978 
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element number. The pixel value is related to scene radiance and is in 


digital counts with a range of 0 to 1,024. 


The data tapes were divided into two major groups according to 
the data source. The major groups were then subdivided by geographical 


areas and then further subdivided and classified by flights. 


The first group consists of data taken by the Environmental 
Research Institute of Michigan (ERIM). These data were taken by a 
radial scanner at a 90-deg vertical angle. There were 11 flights over 
4 geographical areas: Jackson - Camp Lejeune; Plymouth; Guelph, Ontario; 


and Willow Run Airport. 


The second group consists of data taken by the U.S. Army with two 
AGA thermovisions (3- to 5-um and 8=- to 14-um wavebands). The data 
were taken at a 90-deg vertical aspect from a helicopter flown at 1,000 
ft. A video tape was made with each flight for documentation. The flight 
IRIG time was recorded on the video tape and each frame of the digital 
tape for reference. A detailed description of the data-gathering technique 
is given in U.S. Armv MIRADCOM's Report No. TE-77-11.* The 18 flights of 
this group were subdivided into 5 sections: early flights over Redstone 
Arsenal, flights over Aberdeen Proving Grounds (APG), flights over Ft. 
Hood, FAWS preflight (Redstone Arsenal), and FAWS flights over Redstone 


Arsenal. 


The formats for this library are reprinted in Table 3-1 and Table 


3-2. The tape library is given in Table 3-3. 


The condition of the tape library was decermined by using program 


VARFY. 


VARFY printed a concise, one-line description of each frame on a 
tape. The description consists of IRIG time; number of zero pixels; number 


of pixels with value greater than 1,023; number of pixels with values 


* C. F. Hester, “Wiener Spectra Data Analysis for Infrared Background 
Modeling,'' U.S. Army Missile Research and Development Command, Technical 
Report No. TE-77-11, April 1977 
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equal to 1,023; minimum, maximum, mean, and standard deviation; and the 


number of nonzero Lines within the frame. 


Eighteen tapes from the original tape library were processed. 
These include data taken from flights over Aberdeen Proving Grounds and 
Ft. Hood, as well as FAWS preflight data. These results confirmed that the 


original tape library was in good condition. 


These runs also produced a hardcopy record of each frame that 


was available for analvsis. 


The new AGA thermovision data taken by the U.S. Army is now 
digitized by a TELEVENT svstem on the PDP 11 computer system and recorded 
on magnetic tape. The format for each record of these digital tapes is 


given in Table 3-4. 


The data on these tapes are raw digitized data from the TELEVENT 


svstem and are not organized in a compact, easy-to-decode format. 


Each record represents data from 21 scan lines. Each thermovision 
frame is terminated by four to six filler lines tnat are differentiated 
from true scan lines by the two least significant bits of their line 
sequence number, which is equal to three. The data in the filler line 
are set to one bit, and the line sequence numbers are set to maximum 


values. 


All true scan lines between two sets of six filler lines constitute 
a thermovision frame. The first group of these scan lines read from the 
tape represents the bottom of the infrared scene and the last group of 
scan lines read represents a retrace of the top of the infrared scene. 
This situation generates problems such as duplicate scan lines when the 
original and retrace overlap and missing scan lines when there is no 
overlap. The IRIG time of each scan line within a tape record is recorded 
in a 36-bit word containing a time bit code. This code is given in Table 


3-5. 


Program UNPKTV was developed to repack the new AGA thermovision 


tapes into the same format as the thermovision tapes in the original 
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tape library. 


and later a version was converted to the PDP 11 computer. 


Program UNPKTV performs the following tasks: 


Decodes the line IRIG times and stores sequentially. 
If time is in error, the source data is printed in 
octal and time is set negative. 


Decodes the line sequence. numbers 


Tests the two least significant bits of line numbers 
to identify scan lines to be discarded 


If scan lines are legitimate (not discarded), repack 
100 data points of scan line into 20 CDC words and 
store in table with an index equal to the line 
sequence number. 


If line sequence number is a duplicate, the scan 
line is stored in a linked list table of duplicate 
scan lines. 


The following information on each scan line is recorded: 


& Number of pixels that equal zero 
A Number of pixels that equal 1,023 
A Number of pixels that are greater than 1,023 


To solve the problem of duplicate sequence numbers, 
a group sequence number is generated for each line. 
A group is a set of lines that is in sequence. 

The group sequence number is the number of iines 
within each group. 


The above operations are terminated if two or more 
consecutive discardable lines are located. 


The table of scan lines is now searched for missing 
and duplicate line numbers. 


All missing line numbers are printed. 
A Line number with highest group sequence number 


without error (error = pixel greater than 1,023) 
is chosen. 


The orogram was written for the CDC 6600 computer system, 
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4 If none of the duplicates meet this test, it 
is treated as a missing line number. 


& If line is selected, it is compared with each 
duplicate and the number of equal CDC words are 


printed. 

e The following acceptance criteria are set for each 
frame: 

A There must be more than 60 scan lines per frame. 

A Number of zero pixels must be less than 5,000. 

A Number of pixels greater than 1,023 must be less 
than 5,000. 

A There must be no more than three missing sequence 
numbers. 

e If the above criteria are met, the frame is zero 
filed to 100 < 100 and output to the new tape with 
format as stated in Table 3-2. 

e The header table is loaded accordingly: 

Words i-5 Frame start time in IRIG milliseconds 

CDC floating point format 

Word 15 Number of actual data lines 

Word 20 Number of zero-valued pixels 

Word 25 Number of pixels equal to 1,023 

Word 30 Number of pixels greater than 1,023 

Word 35 Number of missing data lines 

Word 40 Minimum pixel value 

Word 45 Maximum pixel value. 

e The remaining IRIG line times from the last record read 
are adjusted, and the process is repeated for the next 
frame. 

e If an end of file (EOF) is encountered before the six 
filler lines are encountered, the data are discarded and 
the process is restarted. 

e The program terminates on two consecutive EOFs. 


oe SO MOP reg: 
Ly 7. * bad ' 7 J a - 


~ ee 


a re —— 
merger Ft 
a 


3.3 DATA MANAGEMENT 


The first task in the data management process was the classifving 


of individual data frames. 


This was originally accomplished by viewing the documentation 
video of the AGA thermovision data acquisition flights. This process 
was improved by generating a 9-track, 16-bit-word-length tape for the 
EAI PACER 600 system and displaying each frame in color graphics. The 
thermal image was recorded on video tape and compared to the flight video 
tape. Program UNPACK from TBE Report No. SD/8-MIRADCOM-2257 was modified 
to produce the 9-track tape. 


Five data tapes containing approximately 2,000 frames were 
classified with the technique described above. The classification of 


each frame was recorded on the frame tables generated by program VERIFY. 


A data base was then created for the tape library of thermal 


infrared scenes. 


Program CLS was developed to solve the problem of getting each 
frame classification into the computer and building a disk file for the 


data base. 


Each frame was classified by the set of classification codes 


given in Table 3-6. 


" The resulting data base contains the classification and storage 
location for each scene or frame within the tape library. The following 


information is recorded for each frame. 


e Physical classification of the scene and message on 
special frames 


e Flight IRIG time 
e Tape serial number 


e Flight or test title 
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Frame or record location on the digital tape 


Scene mean 


Scene standard deviation 


Number of zeros within the frame 


Number of bad data points within the frame 


Minimum scene value 


Maximum scene value. 


Table 3-7 describes the 


A data base manager was 


information on any frame in the 


manager by entering a set of task mnemonics. 


data base disk file. 


developed, which allowed a user to retrieve 


data base. 


The user communicates with the 


The basic tasks of the manager 


are divided into three categories: print, build, and update. 


The task mnemonics with their options and duties are given in 


Table 3-8. 
3.4 TARGET EXTRACTION 


Program TRG was developed as a first attempt to locate target 


body boundaries and extract the target from the background scene. 


Program TRG uses the following technique to locate the target 


boundaries within a scene. 


the target hot spot are input. 


to polar coordinates with the hot spot at the origin. 


rotation lookup tables of pixel coordinates that are 


The target size and vertexes in relation to 


The program converts the target vertexes 


ground to target pixels as the target boundaries are rotated 360 deg. 


The coordinates in this table have the origin at the hot spot. 


The program builds 


changed from back- 


The program now loops on thermal scenes of the target and performs 


the following tasks on each. 


hot spot, is located. 


distance equal to the maximum dimension of the target. 
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The scene maximum, assumed to be the target 


A perimeter is generated around the hot spot at a 


Ot 
e 


All pixels within this perimeter that are not within the target 


boundaries make up the adjacent background. The pixels outside the 
perimeter make up what is called the perimeter background. This peri- 
meter background does not contain any target pixels as the target is 


rotated about its hot spot. 


A histogram of the perimeter background is developed, and a 
histogram of the adjacent background is determined using the rotation 
lookup tables. The sum of the absolute differences between the peri- 
meter and adjacent histograms is calculated as an error term for each 
rotation. The lowest error term is then selected as the target orienta- 


tion. 


Program TDB was developed to generate a target data base. Inputs 
to this program are the target frame IRIG time and the row, column target 


doundaries for the target within the frame. 


TDB extracts the target and calculates the background mean. It 
then packs the IRIG time, mean, and target pixels into a compact format 


and stores these data on a disk file. 


Program STDBM was developed to access the file generated by TDB 


and to produce a model target scene or a target mask scene. 


A model target scene is a 100= by 100—pixel scene, with the 
target pixels centered. All pixels that are not target pixels are set 


to the background mean value recorded on the target data file. 


A target mask scene is the same as a model target scene except 
that the target pixels are set to one and the background pixels are set 


to zero. 


3.5 GRINNELL SYSTEM 


A graphic television imaging system by GRINNELL Systems is now a 
peripheral on the PDP 11 computer system. Time was devoted to iearning 
and developing software for this system. This allowed the system to be 


used in extracting targets and classifying thermal images. 
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Program JOHN2 reduced the time required to learn the system. 
This program allows the user to operate the GRINNELL system in the demand 


mode on a machine language level. Each command in the GRINNELL instruc- 


tion set was given an index, and this allowed the user to execute a specific 


instruction by entering its index. The program would interrogate the 
instruction and ask for the command options in either integer, octal, 


or alphanumeric formats. 


Program HAPAN2, a PDP-11 version of UNPKTV, was developed to 
unpack a TELEVENT tape by frames and display the scene on the GRINNELL. 
An editing package will be developed to clean up the image. The operator 
can then classify the image and input the classification key. The program 


will then store the key in the image data base. 


DMCLT, a demand mode color threshold service routine, was developed. 


This routine allows the user to dynamically set the color levels in an 
image that is displayed on the GRINNELL. 


The routine operates in two loops. The first loop is a control 
loop that allows the user to input a color. The color is input with a 
15-bit octal number in which the 12 low order bits control color. Of 
these 12 bits, the 4 low order bits control blue, the 4 mid-order bits 
control green, and the 4 high order bits control red. The selected color 
is then displayed on the screen. If the user wishes to choose another 
color, he can simply enter another color or enter one of the following 


control keys: 
e 77777 - accept last color and go to thresholding loop 
@ 66666 - back up on the color scale and reenter color scales 
e 55555 - exit program. 


The second loop or the threshold loop aliows the user to set the 
intensity level for the current color by moving the cursor (in the track 


mode) up or down on the screen. All intensities above the cursor line 
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position and below the last threshold setting will be set to the current 
color. A scale from 0 to 240 is written from the bottom to the top of the 
screen to give the operator an approximate intensity level reading. To 
exit this loop, the operator turns the track mode off, homes the cursor, 
and depresses the enter switch. The color level is now set for this color, 


and the user is returned to loop one. 


GQPLT was developed to generate a quick X-Y plot on the GRINNELL. 


No axis is drawn and points are connected with a solid line. It is 


optional to erase the plotting surface area and to scale the data. 


GERS was developed to erase selected rectangular areas of the 


screen. 


Subroutine GTL loads common block/GRCMD/with the 24 command 
instructions for the GRINNELL. 


Subroutine BNDRY was developed to allow the user to trace a 
boundary with the cursors and store the coordinates of the boundary. The 
user has the option of plotting the current scan line before entering the 
coordinate. Under this option, the user positions the cursor on the scan 
line he wants and depresses the enter switch. The scan line will be 
plotted below the image. This plot can be used to position the cursor 


in the element direction. The element coordinate will be recorded when 
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the enter switch is depressed. To exit this loop, the operator homes 

the cursor and depresses the enter switch. The program then calls GQPLT 
and draws a solid boundary by connecting all of the coordinates. The user 
then has the option to reenter the coordinates. If reentering is not 
selected, the program extracts the coordinates of every point on the 

solid line and packs them in an array by scan line and pairs of start- 


stop element numbers. This array is passed in common block/BOUND/. 


Program GPACK3 was developed to extract targets and store them in 
a compact target file format. The program locates a specified frame 
according to IRIG time, unpacks the frame, and displays the image on the 
GRINNELL with the size of each pixel doubled. The user can input a linear 


scale factor to increase or decrease the intensity level of the image. 
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The program then calls DMCLT, which allows the user to threshold 
the target. Subroutine BNDRY is then called. This allows the user to 
trace the target boundary using the cursor. GPACK3 then uses the target 
coordinates furnished by BNDRY to extract the target pixels. It then 
erases the screen and displays the target. The user can return to step 
one and repeat the target extraction process or accept the target 
already processed. GPACK3 then packs the target pixels in a standard 


format and stores them on a disk file. 


3.6 CORRELATION STUDIES 


The cross-correlation function was used to compare targets with 
different classes of backgrounds. The mean count of the scene was sub- 
tracted from each pixel in the scene and the correlation surface was 
normalized by the target standard deviation. The distribution function 


was generated to study the statistics of the cross-correlation surfaces. 


Program CORR was developed to calculate the autocorrelation of 


the target and the cross-correlation of target and background. 
Program CORR performs the following task: 


@e Calculates autocorrelation or cross-correlation 
functions. The autocorrelation function may be 
calculated by the FFT method or by averaging the 
product of the overlap as the scene is moved over 
itself. The cross-correlation function is cal- 
culated by the FFT method. 


The following is a description of how CORR operates in calculating 


the cross-correlation function: 


e The first loop calculates the FFT of the background scene. 
The scene IRIG time is read and the corresponding scene 
is input from file 1 and unpacked. If the scene contains 
zeros, it is rejected and the next IRIG time is read. 
Zeros suggest that the thermovision black level was set 
too low, thus biasing the scene statistics. If the scene 
is accepted, the unpacked scene is stored in file 2. The 
scene mean and standard deviation are calculated during 
the unpack process. 
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The size of the correlation function is determined. 
It is the smaller of the background or target scene 
sizes. 


If the background scene is larger, then its row and 
column end points are set equal to the target row 
and column size. 


If the background scene is smaller, no changes are made 
in this loop. 


The scene pixel magnitudes are transformed by sub- 
tracting the scene mean value frem each pixel value. 


The FFT of the background is now calculated. 


The results are stored in file 3, terminating the 
background loop. 


The next loop calculates the FFT of the model target 
scene. 


If the background scene is smaller, the row and column 
Start and stop points are adjusted such that the 
target will be centered in a scene the size of the 
background scene. 


The unpacked target scene is input from file 12, and 
the pixel magnitudes are transformed by subtracting 
the scene mean value from each pixel value. 


The FFT is calculated, and the results are multiplied 
by the background FFT in file 3. 


The whitening filter is applied at this point if the 
whitening option is taken. 


The cross-correlation is calculated by taking the 
inverse FFT. 


Edge effects are inducted into the correlation surface 
as the target body moves across the background scene 
boundaries. Because the FFT assumes the scene is 
periodic, the edge effect is correlating the target 
with the opposite edges of the background scene. The 
coefficients affected are in two bands, i.e., the length 
and width of the target that is centered in the correla- 
tion surface. 
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e The remaining coefficients are normalized by the target 
scene standard deviation. 


e A histogram, probability density, and cumulative 
probability density function of the correlation surface 
are then generated. 


e A histogram sort is used at this point to locate and 
print the 100 maximum correlation coefficients of 
the surface. 


e A composite histogram, probability density, and cumulative 
probability density function of the surfaces generated by 
all backgrounds of the same type is generated and saved 
in file 10. 


Program RDPL was written to plot the composite histograms 


produced by CORR. 


Four classes of backgrounds and two targets were selected for 
the correlation studies. The background classes were FAWS GRASS, TREES, 
Asphalt Roads, and Buildup. The frames are listed in Table 3-9. The 
targets were FAWS M48 and APC. 


The model target scenes and target mask scenes were created with 


program BIDBM. The target scenes are given in Table 3-10. 


The first set of cross-correlation surfaces generated were the 
model target scenes with the four classes of backgrounds. The composite 


distribution function of the correlation surfaces are given in Table 3-11. 


The cross-correlation surfaces of the target mask and four classes 
of background scenes were then generated. The composite distribution 


functions are given in Table 3-12. 


The correlation surfaces of the target with the backgrounds were 
normalized by the correlation surface of the target mask and background. 


The composite histograms are given in Table 3-13. 


The peak signal to clutter as seen by a sensor was calculated 
by the cross-correlation of a target mask scene and the scene scanned by 
the sensor. The target size of the target mask is the sensor field of 


view. 
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A l-mrad-square sensor and a 2-mrad-square sensor were modeled 
in this manner. Both were modeled at an elevation of 3 kft. The 


results are given in Table 3-14. 


A whitening filter was applied to the background and target scenes, 
and the correlation surface was generated. The background class of 
buildup was selected for this analysis. The whitening filter was 
approximated by the average power spectral density of the background 
scenes. Program PWRSPLN was developed to calculate the average power 
spectral density. Program CORR was modified to apply the filter in the 
frequency domain. The scene mean was taken out of the filtered scene 
by setting the zero frequency component of the transformed scene to zero. 


The results are given in Table 3-15. 
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TABLE 3-1. ERIM DIGITAL TAPE FORMAT 


bie Tapes are IBM 7094 compatible, seven track, odd parity, and 
800 BPI. 
TT. Eacn file consists of a title record followed by data records 


containing each scan line. 
A. Title record 170 36-bit words: 


Word: 

1 - Number of IBM 7094 words per data record 

- Digital line number of next data record 

Analog line number of next data record 

Mode 

Q - four samples/word positive integers (0 to 510) 
T - one sample/word floating point (0 to 7.0) 

2 - one sample/word integer (0 to 510) 

Number of channels 

& - Number of samples per Jine 
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B. Data record - record length is in word one of title record. 
Record consists of an eight-word header followed by data 
from one scan line. Data from each channel are stored 
sequentially. Header words are: 


1 = Digital line number 
2 - Analog line number 


IT]. Each file is followed by one end-of-file record. 
Ty. Last file is followed by three end-of-file records. 
[ : 
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TABLE 3-2. AGA THERMOVISION DIGITAL TAPE FORMAT 


Tapes are CDC 6000 scope standards, odd parity, and 800 BPI 


Each record contains one thermovision scene or frame. 


A. Record format is 15 60-bit word header followed by the 
data. 


d. 


e. 


Header - 15 60-bit words where word one is CDC 
floating point value for IRIG TIME hours * 3,600,000 + 
minutes * 60,000 + SEC * 1,000 


Next 2,000 60-bit words contain tne 100 x 100 pixel 
scene, where each scan line is 100 pixels. 


Pixel range is 0 to 1,024, 


Pixel word length is 12 bits packed 5 pixels per 
60-bit word and each scan line is 20 60-bit words. 


There are 100 scan lines. 


Thermovision frames are stored sequentially by flight time. 


End of file follows last frame. 


There are usually 200 to 300 frames per tape. 
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TABLE 3-3. 


GROUP I, 


SERIAL NUMBER 


$05391 


 $02583 


$07779 and S07715 


$08831 


$05343 and $06620 


305460 
$03389 
303677 
308020 
905574 
303452 


GROUP II. 
SERiAL NUMBER 


506448 
S00224 


USER TAPE LIBRARY 


ERIM DATA TAPES 


Jackson, 8 kft, Lakes 
Jackson, 8 kft, River 
Camp Lejeune, 3 kft, Buildings 
Camp Lejeune, 3 kft, Trees 


Plymouth, 
Plymoutn, 
Plymouth, 
Plymouth, 
Piymouth, 
Plymouth, 


Guelph, 
Guelph, 
Guelph, 
Guelph, 


Wil low 
Willow 
Willow 
Willow 
Willow 


1 kft, Field 


1 kft, Island 

1 kft, Expressway 
1 kit, Cemetery 

1 kft, Golf Cours 
Ontario, Canada 
Ontario, Canada 
Ontario, Canada 
Ontario, Canada 

Run Airport 

Run Airport 

Run Airport 


Run Airport 


Run Airport 


DESCRIPTION 


Section II-1]l. First Flights of Thermovision Over 


Redstone Arsenal 


1 kft, Subdivision 


e 


ARMY DATA RECORDED BY AGA THERMOVISION 


ORIGINAL NC. 


First Flight Over Redstone Arsenal April 1977 


second Flight Over Redstone Arsenal April 1977 


14 April 1977 Flight 


None 
WS200 
W826] 
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TAL NUMBER 


Section [1-2. 


$9379 
$09380 
$09335 
$05382 
08894 
S6$597 
$093577 
$022a4 


S10219 
S16225 
$10240 
910239 
310333 
$1623] 
510326 
910325 
310328 
$1033] 
919333 


967711 
S0€549 


TABLE 3-3. 


USER TAPE LIBRARY (Sheet 2 of 2) 


DESCRIPTION 


Mission A2 
Al 
A3 
A4 
B3 
B2 
BY} 
Al 


section II-3. Flights over Ft. Hood 


22 June 77 
27 June 77 
29 June 77 
2/7 June 7/7 
27 June 7 
28 June 77 
30 June 77 
30 June 77 
30 June 7? 
30 June 77 
28 June 77 


cime 
time 
time 
time 
time 
time 
time 
(reformatted) 


time 
time 
time 
time 
time 


time 
time 
time 


1025-1126(3-5) 
1530-1615(3-5) 
1230-1330(3-5) 
1325-1416(3-5) 
1100-1200(3-5) 
1§20-1606(3-5) 
1150-1235(3-5) 


1100- 

1045-1115 
0930-1030 
0930-1030 


1000-1100 
1100-1230 
1000-1100 


Section iI-4. FAWS Preflight 
Flight over Building 5400 (3-5) 


Flight over Building 5400 (8-14) 


Flights over Aberdeen Provino Grounds 


1000169 
1000170 
TOcoi6& 
[C00167 
1009328 
1000327 
1000325 


190737 
[00733 
106736 
100734 
100735 
190732 
100775 
T00774 
100772 
100735 
100835 


Section 11-5. FAWS Flignts over Redstone Arsenal 


308529 
300291 
£02733 
S0957§ 
$06772 
$0294 
S11029 
303123 


8 August 77 
8 August 77 
@ August 77 
8 August 77 
15 August 77 
15 August 77 
15 August 77 


15 August 77 


100841 
100843 
100844 
100845 
101288 
101287 
101286 
101285 
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TABLE 3-4. NEW AGA THERMOVISION DIGITAL 
TAPE FORMAT 


I. Oata words are 12 bits (packed 5 words per 60-bit CDC word). 


II. Each record consists of: 


A. 
6: 


Nine~word header 


Twenty-one line IRIG times, each time consisting of 3 
words, total 63 words 


Twenty-one scan lines, each consisting of 138 
data points followed by the scan sequence number. 
Tota! 139 words per line 


The two least significant bits of each scan line 


number constitute a code. A value of three denotes 
a good scan line. 
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TABLE 3-5. TIME BIT CODE 


Time in 36 bits 


BIT 


WONMA OP wh — 


Oooo 
—~— rf OO — MN — Po FB Ww 
wn 
(d 
O 


OoonTneoTeo00 88 oa 
© 
© 
© 
_— 
nn 
~@ 
‘o) 


.004 sec 


INDEX 


WOW OWN & Ww MO — 


CODE 


R 
AR 
CCR 
BU 
PL 
HS 
G 
GS 
DR 
TR 
TRU 


TABLE 3-6. CLASSIFICATION CODES 


CLASSIFICATION 


DIRT ROAD 

ASPHALT ROAD 

CONCRETE ROAD 

BUILDINGS 

ASPHALT PARKING LOTS 
UNIDENTIFIED HOT AREAS 
GRASSY AREA 

GRASSY FIELD WITH STRAITS 
DIRT ROADS 

TREES 

TREE LINE 

BUSH 

BUSH LINE 

SUN GLINT 

RAILROAD 

MONUMENT 

WATER 

STEAM PIPE 

SAND PILES 

DUST 

CREEK 

COTTON FIELD 

BAD FRAME 

TARGET 
TARGET 
TARGET 
TARGET 
TARGET 
TARGET 
TARGET 
TARGET 
TARGET 
TARGET 10 

TARGET 11 

TARGET 12 

TARGET 13 

TARGET 14 

TARGET 15 

TARGET 16 

MILITARY PARKING LOT 
BARE DIRT 
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TABLE 3-7. DATA BASE | 


RECORD VARIABLES DESCRIPTION 
1 NTCLK TOTAL NUMBER OF CLASSIFICATIONS IN DATA 
BASE 
2 NTEST NUMBER OF TESTS IN DATA BASE 
ICLK COMPLETE DATA BASE CLASSIFICATION KEYS 


STORED IN A4 FORMAT 
ICLC THIRTY-CHARACTER FULL CLASSIFICATION 


+ ee ore aller 


NOTE: REMAINING RECORDS ARE INDIVIDUAL TEST RECORDS. THREE RECORD SET 
FOR EACH TEST. FOR DOCUMENTATION, THESE WILL BE RECORDS 3, 4 AND 5. 


3 TL EIGHTY CHARACTER TITLE QF TEST. WORD 
6 CONTAINS TAPE NUMBER. 


—_—- —_—eeeen = se 


NR NUMBER OF FRAMES IN TEST 
INDX | NUMBER OF INDIVIDUAL CLASSIFICATIONS ON 
TAPE 
NCLK PACKED ARRAY WHOSE INDEX REFERENCES 
: | THE COMPLETE DATA BASE CLASSIFICATION 
i TABLE 


VALUES OF ELEMENTS ARE: 


-- UPPER HALF: NUMBER OF FRAMES WITH THIS 
CLASSIFICATION 


LOWER HALF: NUMBER OF THESE FRAMES THAT 
ARE MIXTURES 


NUMBER OF DOCUMENTS (NTLLK) 


: ICL INDIVIDUAL FRAME CLASSIFICATICN TABLE. 
FOUR TABLES ARE PACKED IN7@ THIS ARRAY. 
TABLE INDEX IS SAME AS FRAME INDEX 
oer ARE STORED ON TAPE IN SEQUENTIAL 
DER). 
THE FIRST NR ELEMENTS OF TABLE CONTAIN 
FIVE 12-BIT WORDS WHERE WORD ONE IS 
LOW ORDER BITS AND WORD FIVE IS HIGH 
ORDER BITS. 
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TABLE 3-7. DATA BASE (Sheet 2 of 3) 


RECORD VARTABLES 


WORD 1: 


WORD 2: 


WORD 3: 


WORD 4: 


WORD 5: 


DESCRIPTION 


MESSAGE TABLE INDEX; IF 
ZERO, NO MESSAGES FOR THIS 
FRAME 


NUMBER OF CLASSIFICATIONS FOR 
THIS FRAME 


STARTING INDEX OR ADDRESS INTO 
THE INDIVIDUAL FRAME CLASSIFICA- 
TION TABLE 


COMPLETE TEST CLASSIFICATION 
TABLE (INDIVIDUAL FRAME 
CLASSIFICATION TABLE’ 


€INDEX) IS TOTAL NUMBER OF 
ELEMENTS IN THIS TABLE; THE 
FIRST NR ELEMENTS ARE PACKED 
AND THE REMAINING ARE NOT. 


THE VALUE OF EACH ELEMENT IS 
THE INDEX OR ADDRESS FOR THE 
COMPLETE DATA BASE CLASSIFICA- 
TION TABLE. 


ALTITUDE AND WAVEBAND INDEX KEY. 


NMSG MESSAGE TABLE LENGTH 


MSG MESSAGE TABLE. EACH MESSAGE IS A 30 
CHARACTER NOTE CONTAINING ADDITIONAL 
INFORMATION ON SPECIAL FRAMES. 
*WORD 31 CONTAINS THE FRAME INDEX FOR 
CROSS REFERENCE PURPOSES. 


4 TABLE LENGTH, NUMBER FRAMES IN TEST. 
EACH ELEMENT CONTAINS FIVE 12-BIT WORDS: 
WORD 1 LOW ORDER; WORD FIVE HIGH ORDER 12 


BITS. 


TABLE INDEX CORRESPONDS TO FRAME INDEX 


WORD 1: 
WORD 2: 
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SCENE MEAN ( INTEGER) 


FRAME IRIG FRACTION SECONDS 
TIMES 1,000 INTEGER 


TABLE 3-7. DATA BASE (Sheet 3 of 3) 


RECORD VARIABLES DESCRIPTION 
i“ WORD 3: WHOLE NUMBER SECONDS OF IRIG 
TIME 


WORD 4: IRIG MINUTES 
WORD 5: IRIG HOURS 
° 5 TABLE LENGTH, NUMBER OF FRAMES IN TEST. 


TABLE INDEX CORRESPONDS TO FRAME INDEX. 
EACH ELEMENT CONTAINS FIVE 12-BIT WORDS: 


. WORD 1 IS LOW ORDER; WORD FIVE IS HIGH ORDER. 


WORD 7: NUMBER OF BOGUS PIXELS IN 
SCENE ( INTEGER) 


WORD 2: NUMBER OF ZERO PIXELS IN SCENE 


(INTEGER) 
WORD 3: MAXIMUM PIXEL VALUE IN SCENE 
< (INTEGER) 
: WORD 4: MINIMUM PIXEL VALUE IN SCENE 
( INTEGER) 


WORD 5: SCENE STANDARD DEVIATION 
(TRUNCATED INTEGER) 


PRINT 


PRINT 


PRINT 
PRINT 


PRINT 


TABLE 3-8. TASK MNEMONICS 


ALL 


PRINTS SHORT TEST HISTORY FOR ALL TESTS AND ALL FRAMES I: 
DATA BASE 


ALL TEST NUMBER 


PRINTS SHORT TEST HISTORY AND ALL FRAMES IN THE SPECIFIED TEST 
NUMBER 


TEST ALL 
TEST NUMBER 


PRINTS SHORT .TEST HISTORY FOR ALL TESTS OR THE SPECIFIED TEST 
NUMBER 


TEST ALL CLASSIFICATION 


PRINT TEST NUMBER CLASSIFICATION 


PRINT 
PRINT 


PRINT 


PRINTS THE FRAMES WITH THE SPECIFIED CLASSIFICATION. THE 
CLASSIFICATIONS ARE INPUT BY ENTERING CLASSIFICATION KEYS 

IN A FREE FIELD FORMAT. 

KEY 1 PRINTS ONLY FRAMES WITH KEY 1 CLASSIFICATION 

KEY I1/KEY 2 PRINTS ONLY FRAMES WITH MIXTURE OF KEY 1 AND KEY 2 
KEY 1 ALL PRINTS ALL OCCURRENCES OF KEY 1 

MESSAGES 

MESSAGES TEST NUMBER 


PRINTS ALL MESSAGES WITH FRAME IRIG TIME CONTAINED IN ALL 
TEST OR THE SPECIFIED TEST NUMBER 


CLASSIFICATION TABLE 


PRINTS ALL CLASSIFICATIONS WITH CORRESPONDING KEYS THAT ARE 
CONTAINED IN THE DATA BASE 


TABLE 3-8. TASK MNEMONICS (Sheet 2 of 2) 


BUILD TEST NUMBER 
BUILOS A DATA FILE CONTAINING FRAME NUMBER AND IRIG TIME. 
THE FRAMES ARE SELECTED BY INPUTTING CLASSIFICATION KEYS 
IN THE SAME MANNER AS THE PRINT CLASSIFICATION MNEMONICS 
THIS DATA FILE CAN BE USED TO ACCESS THE TAPE FILE AND 
RETRIEVE ONLY THE FRAMES SELECTED. 
UPDATE TEST NUMBER TITLE 


REPLACES THE SPECIFIED TEST NUMBER TITLE WITH THE INPUT 
TEST TITLE 


UPDATE TEST NUMBER CLASSIFICATION 

INPUTS A FRAME NUMBER AND CLASSIFICATION 

KEY OR KEYS. THIS REPLACES THE FRAME CLASSIFICATION 

ON FILE 
UPDATE TEST NUMBER MESSAGE 

INPUTS FRAME AND A MESSAGE THAT REPLACES THE ONE ON FILE 
UPDATE TEST NUMBER ALTITUDE 

INPUTS FRAME AND ALTITUDE THAT REPLACES ONE ON FILE 
UPDATE TEST NUMBER WAVEBAND 

INPUTS FRAME AND WAVEBAND THAT REPLACES THE ONE ON FILE. 
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